Abstract Authentication of meat assumes significance in view of religious, quality assurance, food safety, public health, conservation and legal concerns. Here, we describe a PCR-RFLP (Polymerase Chain Reaction-Restriction Fragment Length Polymorphism) assay targeting mitochondrial cytochrome-b gene for the identification of meats of five most common food animals namely cattle, buffalo, goat, sheep and pig. A pair of forward and reverse primers (VPH-F & VPH-R) amplifying a conserved region (168-776 bp) of mitochondrial cytochrome-b (cytb) gene for targeted species was designed which yielded a 609 bp PCR amplicon. Further, restriction enzyme digestion of the amplicons with Alu1 and Taq1 restriction enzymes resulted in a distinctive digestion pattern that was able to discriminate each species. The repeatability of the PCR-RFLP assay was validated ten times with consistent results observed. The developed assay can be used in routine diagnostic laboratories to differentiate the meats of closely related domestic livestock species namely cattle from buffalo and sheep from goat.
Introduction
Authentication of the meat species assumes importance in view of the nagging problem of meat adulteration or substitution of meat with that of cheaper or less acceptable quality. Besides consumer satisfaction, certain social and religious concerns and possible health hazards associated with particular type of meat warrants honest labelling of the source of meat and meat products. The malpractice of fraudulent meat substitution or mislabelling is more common in countries with rather poor economy and high population with ever increasing demand for meat and meat products and their high cost. Furthermore, believers of Hinduism and Islam averse from inclusion of beef and pork in their diet, respectively, owing to their religious beliefs. In addition to socio-religious factors, food allergy due to consumption of particular type of meat or meat products has emerged as another major health concern implicating the beef (73 %), pork (58 %) and chicken (41 %) as the most common cause (Ayuso et al. 1999) . Therefore, precise identification of origin of meat has become a vital element in food quality control procedures.
In the past, several analytical methods have been used to discriminate meats of different food animals, majority of which were based on the protein analysis either by electrophoretic (Vallejo et al. 2005) , chromatographic (Toorop et al. 1997) , or immunochemical assays (Chen and Hsieh 2000) . However, all protein based methods share the common disadvantage of denaturation of proteins at high temperatures, resulting in changed antigenicity and electrophoretic mobility of molecules.
Recently, DNA-based methods have proved to be reliable tools in meat speciation studies. Given the relative thermostability of DNA molecule, these methods outweigh the proteinbased techniques (Lenstra et al. 2001) . Among the different DNA-based techniques including DNA hybridization ; PCR (Matsunaga et al. 1999) ; PCR-RFLP (Girish et al. 2005) ; RAPD-PCR (Sebastio et al. 2001) ; PCR-SSCP (Rehbein et al. 1997) and PCR product sequencing (Bartlett and Davidson 1992) , PCR-RFLP has been one of the most widely used technique for meat species authentication (Meyer et al. 1995; Girish et al. 2005; Maede 2006 ).
In PCR-RFLP assay, a conserved region is amplified and the amplicons are subjected to restriction digestion using appropriate restriction enzymes resulting in a specific band pattern able to differentiate the target species. Comparative merit of PCR-RFLP lies in the fact that a universal PCRprimer system combined with few restriction enzymes (RE) could satisfactorily identify and discriminate various meat species and obviate the inclusion of a reference sample from the test protocol (Meyer et al. 1995) . Moreover, careful selection of target genes and REs prevents ambiguous results caused due to intraspecies polymorphism (Wolf et al. 1999) . Keeping in view the above indications, the present study was undertaken to develop a new primer based PCR-RFLP assay targeting mitochondrial cytb gene for differentiation of beef, carabeef, chevon, mutton and pork.
Materials and methods

Sample collection
In the present study, species considered for sampling include cattle (Bos indicus, n015), buffalo (Bubalus bubalis, n015), goat (Capra hircus, n015), sheep (Ovis aries, n015) and pig (Sus domesticus, n015). Approximately, 50 g each of authentic meat samples were collected from local markets and abattoirs (Pantnagar and Rampur). However, in case of cattle, tissue samples were obtained from the postmortem hall and Veterinary Clinic of the College of Veterinary and Animal Sciences, G.B.P.U.A&T, Pantnagar, Uttarakhand as cow slaughter is banned in India. The meat samples were collected under aseptic conditions, brought to laboratory in icebox and kept at −20°C till further use.
DNA Extraction
DNA was isolated from meat samples using Wizard® Genomic DNA purification kit (Promega, Madison, Wisconsin, USA) as per the manufacturer's specifications. The DNA extracted from meat samples was electrophoresed in 1 % agarose gel containing 1 μg/ml ethidium bromide in 0.5 % Tris borate buffer (TBE) for 1 h at 50 V. Thereafter, the stained DNA bands were visualized under UV trans-illuminator and documented over a gel documentation system.
Design of oligonucleotide primers and selection of REs
The mitochondrial (cytb) sequences of cattle, buffalo, goat, sheep and pig were downloaded from the NCBI database and aligned using Megalign program (Lasergene software; DNAStar, Inc. Madison, Wisconsin, USA). A conserved region of 609 bp length was identified and a pair of forward (VPH-F, position and reverse primer (VPH-R, position 752-776) was designed using Primer-Select program (Lasergene software; DNAStar, Inc.). The sequence and description of the primers used are summarized in Table 1 . The selected primers were confirmed for species specificity using the PRIMER-BLAST programme of NCBI (http://ncbi.nlm.-nih.gov/primerblast). The primers were custom synthesized from IDT, Inc., Coralville, Iowa, USA and were used for PCR amplification. Restriction endonucleases were selected by employing tabulation and comparison using NEBcutter V2.0, New England BioLabs (http://tools.neb.com/NEBcutter2/). The REs namely Alu1 and Taq1 were selected in this study and procured from Bangalore Genei, Bangalore, India.
Standardization of PCR
The PCR was set up in a volume of 50 μL containing 5 μL of 10X assay buffer (160 mM (NH4)2SO4, 670 mM TrisHCl, pH 8.8, 0.1 % tween-20, 25 mM MgCl 2 , BioronGmbH, Ludwigshafen, Germany), 1 μL (200 μM each) of dNTP mix (pH 7.5, Promega, Madison, Wisconsin, USA), 1 μL (25 pmol) each of forward and reverse primer (IDT, Iowa, USA), 2.5U Taq DNA polymerase (Bioron-GmbH, Ludwigshafen, Germany), 50 ng of purified DNA and nuclease free water (Merck, Darmstadt, Germany). The tubes were flash spun and the PCR was performed in a thermocycler (Gene AMP® PCR System 9700, Applied Biosystems, Foster City, California, USA). The cycling conditions consisted of an initial denaturation (95°C for 5 min) followed by 40 cycles of denaturation (95°C, 45 s), primer annealing (57°C, 45 s), extension (72°C, 45 s) and final extension (72°C, 10 min). The amplicons were separated by agarose gel electrophoresis (2 %, prepared in 0.5X TBE buffer, 50 V for 1.5 h) and their size determined by comparing with 100 bp DNA ladder (M/s Bangalore Genei, Bangalore, India). The amplicons were visualized using a gel documentation system (AlphaImager® HP, Alpha Innotech Corp., San Leandro, California, USA).
Restriction fragment length polymorphism (RFLP)
The amplicons were subjected to purification using Genei TM Quick PCR Purification kit (Bangalore Genei, Bangalore, India) as per the standard protocol supplied with the kit. Purified PCR products (609 bp) were digested with AluI and TaqI restriction enzymes. Enzyme buffer mix was prepared by mixing 3 μL of recommended 10X buffer and 1.5 μL (AluI, 12 units and TaqI, 15 units) of restriction enzyme. The reaction mix was prepared by adding 20 μL of purified PCR product with 4.5 μL of enzyme buffer mix and the volume was made up to 30 μL using autoclaved Milli Q water. The reaction mixture was subsequently incubated at 37°C for AluI and 65°C for TaqI overnight. Thereafter, the enzyme activity was arrested by freezing reaction mixture at -20°C
for 30 min. The digested PCR products were electrophoresed along with 100 bp DNA ladder in 2.5 % agarose gel at 60 V for 2 h. The bands were analyzed using gel documentation system (Alpha Innotech Corp., USA).
Results and discussion
Although, DNA is present in the nucleus as well as in mitochondria; mitochondrial DNA being more conserved is preferred for species identification. High mutation rate of mitochondrial DNA (ten times greater than nuclear DNA) helps point mutations to accumulate very quickly, thus allowing precise discrimination of closely related species. Using an appropriate primer pair, mitochondrial sequences have been amplified in many species, and the resulting differences used for species identification (Di Pinto et al. 2005) . The commonly targeted mitochondrial genes for species identification include cytb (Kanuch et al. 2007 ), mt rRNA (5 s, 12 s, 16 s, 18 s etc) (Girish et al. 2004 (Girish et al. , 2005 Martin et al. 2007; Karabasanavar et al. 2010 ) and d-loop region Kumar et al. 2011; Karabasanavar et al. 2011a ). Among these, cytb gene is a preferred target for meat speciation and taxonomic/ phylogenetic studies (Verma and Singh 2003) . Different DNA-based techniques have been used for meat authentication, which include DNA hybridization (Janssen et al. 1998 ); PCR and its variants (Kumar et al. 2011; Karabasanavar et al. 2011a, b, c) ; PCR-RFLP (Wolf et al. 1999; Girish et al. 2005; Maede 2006 ); RAPD-PCR (Sebastio et al. 2001 ); PCR-SSCP (Asensio et al. 2001 ) and PCR-sequencing (Bartlett and Davidson 1992) . Among these techniques, PCR-RFLP is considered as a highly discriminatory, cheaper and reliable (Meyer et al. 1995) . Although, PCRsequencing is considered to be more precise, the high set-up cost and lengthy procedure involved can be a hindrance where speedy results are expected. In the present study, we employed PCR-RFLP assay for identification of beef, carabeef, mutton, chevon and pork by amplifying a 609 bp region of cytb gene and subsequent digestion with AluI and TaqI restriction enzymes (Figs. 1, 2 and 3). AluI yielded three fragments of sizes 64, 92 and 453 bp in cattle, two fragments of 92 and 517 bp in buffalo, two fragments of 259 and 350 bp in sheep and four fragments of 17, 27, 243 and 322 bp in pig PCR products. However, the goat PCR product was not cleaved by AluI (Table 2 and Fig. 2) . Similarly, the TaqI restriction enzyme yielded two fragments of 294 and 315 bp in cattle and sheep, two fragments of 70 and 539 bp in buffalo, four fragments of 43, 131, 163 and 272 bp in goat and three fragments of 43, 267 and 299 bp in pig PCR products (Table 2 and Fig. 3 ). Unique restriction pattern of AluI and TaqI for each species was found satisfactory to differentiate all five food animal species. However, digested PCR fragments of size less than 80 bp were not visible on gel electrophoresis, because of their small product size and rapid migration. Owing to their smaller size, they migrated faster through the gel while the larger fragments were still in the process of separation. Therefore, fragments <80 bp were neglected for result interpretation and similar considerations were also made by Wolf et al. (1999) previously. During the process of PCR standardization, annealing temperatures ranging from 53°C to 60°C were attempted to amplify the target sequence and 57°C was selected as the optimum annealing temperature. Similarly, primer concentration of 25 pmol and PCR amplification at 40 cycles enhanced the intensity of amplification, sufficient to produce discrete bands on agarose gel.
In past, few investigators have used this approach to identify food animal species targeting 12S rRNA gene (Girish et al. 2005) , satellite DNA (Verkaar et al. 2002) and cytb gene (Maede 2006; Murugaiah et al. 2009 ) etc. However, these studies used comparatively more number of REs. The improvement of our work lies in the use of only two REs to differentiate five food animal species in a two-step process of PCR amplification followed by RFLP analysis. In a similar report, Meyer et al. (1995) amplified a 359-bp fragment of cytb gene followed by restriction digestion with four enzymes (AluI, RsaI, TaqI and HinfI) to identify meats of pig, cattle, wild boar, buffalo, sheep, goat, horse, chicken and turkey. Girish et al. (2005) reported differentiation of cattle, buffalo, sheep and goat meats by amplifying a conserved region (456-bp) of the mitochondrial 12S rRNA gene using AluI, HhaI, ApoI and BspTI enzymes.
The new set of primers elucidates more differentiating features between the closely related species such as cattle/ buffalo and sheep/goat. AluI generated fragments of 453 bp and 517 bp for cattle and buffalo, respectively, with a difference of more than 50 bp that was satisfactorily visible on agarose gel. Similarly, TaqI generated fragments of 294 and 315 bp for cattle and a single fragment of 539 bp in buffalo. In case of sheep and goat, AluI resulted in fragments of 259 and 350 bp in the former; however, it did not digest the amplicon of the latter. Further, TaqI generated fragments of 131, 163 and 272 bp in goat and 294 and 315 bp in sheep. These differences in the band pattern were found adequate for unambiguous differentiation of closely related species.
Although, Partis et al. (2000) comprehensively differentiated animal species by using two REs, inclusion of buffalo in our study and the ability of our assay to accurately differentiate cattle and buffalo DNA offer a unique advantage, especially in the Asian and African continent, where buffalo meat is often adulterated with cattle meat. Further, the repeatability of the developed PCR-RFLP assay was validated ten times and consistent results were recorded with the constant cycling conditions and reagents. The confirmation of the results could however be accomplished by the use of species-specific PCRs or by the sequence analysis of resultant fragments, if desired; otherwise, the technique described in this study provides sufficient discrimination to identify the most common red meat animal species, i.e., cattle, buffalo, goat, sheep and pig.
Conclusion
In the present study, a PCR-RFLP assay was developed targeting mitochondrial cytb gene for the differentiation of beef, carabeef, chevon, mutton and pork with high specificity. The restriction digestion pattern of the two restriction enzymes (AluI and TaqI) was able to clearly distinguish the targeted species upon gel electrophoresis. Significantly, this assay could prove to be a useful tool for differentiation of closely related species such as cattle/ buffalo and sheep/ goat. Though, it takes about 24 h to yield results, the precision and specificity of the method justifies its application in meat speciation studies.
